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$M$ $(x, y)$ $x=(x^{0}, x^{1}, x^{2}, x^{3})$
$\mathbb{R}^{4}$ $y=(y^{1}, y^{2}, \cdots, y^{n})$ $Y$
$\sum_{\mu,\nu=0}^{3}\eta_{\mu\nu}dx^{\mu}\otimes dx^{\nu}+\sum_{i_{J}’=1}^{n}gij(y)dy^{i}\otimes dy^{j}$ (3.2)
$(\eta_{\mu\nu})$ $:=$ diag. $(-1,1,1,1)$
4 $\mathbb{R}^{4}$
( $x^{0}$ ) $((x^{1}, x^{2}, x^{3})$ $y$ $)$




3 $\square$ $\Delta_{Y}$ $\mathbb{R}^{4}$ $Y$
$\square =\sum_{\mu,\nu=0}^{3}\eta^{\mu\nu}\partial_{\mu}\partial_{\nu}, \Delta_{Y}=\frac{1}{\sqrt{g}}\sum_{i,j=1}^{n}\frac{\partial}{\partial y^{i}}(\sqrt{g}g^{\dot{J}}\frac{\partial}{\partial y^{j}})$ (3.4)
$\partial_{\mu}:=\sigma^{\frac{\partial}{x^{\mu}}}$ , $g=\det(g_{ij}),$ $(\eta^{\mu\nu})$ $:=$ diag. $(-1,1,1,1),$ $(g^{ij})$ $(g_{i}j)$
$M$




$M$ $M$ section $M$
4 $M$ $M$ l-form
$M$ $m$
$\Delta_{M}\Phi(x, y)=m^{2}\Phi(x, y)$ (3.5)
$\Phi$ $M$
5
$i \frac{\partial}{\partial t}\varphi(x)=-\frac{1}{2m}\vec{\nabla}^{2}\varphi(x)$ (3.6)












10 $\Phi(x, y)$ $\Delta_{Y}$ $\{\phi_{n}(y)\}_{n=1,2,3},\cdots$
:
$\Phi(x, y)=\sum_{n=1}^{\infty}\varphi^{(n)}(x)\phi_{n}(y)$ . (3.11)
4 ( )
5 $\hslash$ $c$ 1
6
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$M=\mathbb{R}^{4}\cross Y$ $\Phi(x, y)$ 4 $(\mathbb{R}^{4})$ $\sqrt{\lambda_{n}}$
$\varphi^{(n)}(x)(n=1,2,3, \cdots)$ 10
1 4






(3.2) (3.2) 4 $\mathbb{R}^{4}$
$x^{\mu}(\mu=0,1,2,3)$ ( )
$x^{\mu}arrow x^{\mu}+a^{\mu}$ (3.14)











$D_{Y}= \frac{1}{f^{2}\sqrt{g}}\sum_{i,j=1}^{n}\frac{\partial}{\partial y^{i}}(f^{4\dot{r}}\sqrt{g}g^{\dot{\iota}}\frac{\partial}{\partial y^{j}})$ (3.18)
$M$ (3.16)
$M$ $\Phi(x, y)$ (3.10)
$\Delta_{M}$ (3.17) (3.11) (3.12)
$D_{Y}\phi_{n}(y)=-\lambda_{n}\phi_{n}(y)$ (3.19)
( $-\lambda_{n}$ $D_{Y}$ ) (3.11)





























1-form $A= \sum_{\mu=0}^{3}A_{\mu}(x)dx^{\mu}$ 1-form $F:=dA$
$F_{\mu\nu}:=\partial_{\mu}A_{\nu}-\partial_{\nu}A_{\mu}$ $(Fb_{1}, F_{02}, F_{03})$
$\vec{E}$
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8
$\mathcal{N}=4$
4 $AdS_{5}\cross S^{5}(5$ $\}^{\backslash ^{\backslash }}\neg$ . $-$ 5

































QCD D ( )
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QCD $N_{c}=3$ $\omega_{5}(A)$ Chern-Simons 5-form
$d\omega_{5}(A)=$ Tr $(F\wedge F\wedge F)$ 5-form $M_{5}$ (4.11)
$M_{5}$ $(x^{0}, x^{1}, x^{2}, x^{3}, y)$ $M_{5}$
$\sum_{\mu,\nu=0}^{3}K(y)^{2/3}\eta_{\mu\nu}dx^{\mu}\otimes dx^{\nu}+K(y)^{-2/3}dy\otimes dy$ (4.12)
$K(y)$ $:=1+m^{2}y^{2}$ $m$ (4.11) (4.12)
5
(4.11)








3.2 $\sim$3.3 (4.11) 5




$A_{\mu}(x, y)= \sum_{n=1}^{\infty}B_{\mu}^{(n)}(x)\psi_{n}(y)$ (5.1)





(5.1), (5.2) (4.11) ( (4.13) ) $y$
$\int dyK(y)^{-1/3}|\psi_{n}|^{2}<\infty, \int dyK(y)|\phi_{n}|^{2}<\infty$ (5.5)
(5.3) (5.4)
(5.3) $\psi_{n}$ $\phi_{n}:=\partial_{y}\psi_{n}$ (5.4)
(5.3) $\lambda_{n}$ (5.4) $\lambda_{n}$ $n\geq 1$
(5.4) $\phi_{n}=\partial_{y}\psi_{n}$ $\phi_{0}:=1/K(y)$
$\lambda_{0}=0$
$\{\psi_{n}(y)\}_{n=1,2,3},\cdots,$ $\{\phi_{n}(y)\}_{n=0,1,2},\cdots$ (5.3), (5.4)
(5.1), (5.2) (4.14)
$\square \tilde{B}_{\mu}^{(n)}=\lambda_{n}\tilde{B}_{\mu}^{(n)}$ , (5.6)
$\square \varphi^{(0)}=0$ (5.7)
$\tilde{B}_{\mu}^{(n)}:=B_{\mu}^{(n)}-\partial_{\mu}\varphi^{(n)}$ $B_{\mu}^{(n)}$ $\varphi^{(n)}$






















$\lambda_{1}\simeq 0.669m^{2}, \lambda_{2}\simeq 1.57m^{2}, \lambda_{3}\simeq 2.87m^{2} , \cdots$ (5.9)
$m$ (4.12) $K(y)=1+m^{2}y^{2}$
(5.8)


















(4.11) 5 (5.1), (5.2) 4
5 5
(5.1), (5.2) (4.14) 2
$A=0$
$A=0$
5 $x^{0}$ 4 $\Sigma:=\{(x^{1}, x^{2}, x^{3}, y)\}$
$N_{B}:= \frac{1}{8\pi^{2}}\int_{\Sigma}Tr(F\wedge F)$ (6.1)


















$f( \vec{x}, y):=\frac{(\vec{x}-\vec{X})^{2}+(y-Y)^{2}}{(\vec{x}-\vec{X})^{2}+(y-Y)^{2}+\rho^{2}}, g(\vec{x}, y);=a(\frac{(y-Y)-i(\vec{x}-\vec{X})\cdot\vec{\sigma}}{\sqrt{(\vec{x}-\vec{X})^{2}+(y-Y)^{2}}})$ (6.3)
$\vec{\sigma}=(\sigma^{1}, \sigma^{2}, \sigma^{3})$
$\sigma^{1}=(\begin{array}{ll}0 11 0\end{array}) \sigma^{2}=(\begin{array}{l}0-ii0\end{array}) \sigma^{3}=(\begin{array}{ll}1 00 -l\end{array})$ (6.4)
$(\vec{X}, Y)\in \mathbb{R}^{4}$
$\rho\in \mathbb{R}_{\geq 0}$ $a\in SU(2)$ $\Sigma$ $(\vec{x}, y)$
$g(\vec{x}, y)$ $SU(2)$ (6.2) $g^{-1}$ $g$
$\vec{X},$ $Y,$ $\rho$ , a $N_{B}=1$
a -a $A$ a a
$\{(\vec{X}, Y, \rho, a)\}$ $\mathcal{M}$




$(a^{1}, a^{2}, a^{3}, a^{4})$ $S^{3}$ $S^{3}$
$SU(2)$ 1 1 $v^{I}:=\rho a^{I}$ $\rho$ a $v:=(v^{1}, v^{2}, v^{3}, v^{4})$ $\mathbb{R}^{4}$
$v$ $-v$











$V( \rho, Y)=m_{0}(1+\frac{m^{2}}{3}Y^{2}+\frac{m^{2}}{6}\rho^{2}+\frac{N_{c}^{2}}{5m_{0}^{2}\rho^{2}})$ (6.8)
$Y$
$\rho$ [6] $m_{0}:=8\pi^{2}\kappa$ (4.11)
$\kappa$ $Y=0$









(6.2) $\mathcal{M}$ $(\vec{x}, Yv)$
( )
$H\Psi(\vec{X}, Y, v)=M\Psi(\vec{X}, Y, v)$ (6.9)
$H:=- \frac{1}{2m_{0}}\triangle_{\mathcal{M}}+V(\rho, Y)$ (6.10)

















$(l, n_{\rho}, n_{Y})$ n
$\rho$
,n$Y$
$\dim V_{l,n_{\rho},n_{Y}}=(l+1)^{2}$ (6.10) $v$
$SO$ (4) $V_{l,n_{\rho},n_{Y}}$ $SO$ (4)
10 $N_{f}=2$ $l$ $N_{f}>2$
19
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$SO$ (4) $(SU(2)\cross SU(2))/\mathbb{Z}_{2}$ $SU(2)\cross SU(2)$
$SU(2)$ $d$ $\rho_{d}$ $V_{n_{\rho},n_{Y}}$
$SU(2)\cross SU(2)$ $\rho_{l+1}\otimes\rho_{l+1}$ $(l+1)^{2}$
( ) $SU(2)\cross$












2 2 (6.12) $N_{c}=3$
(Gev)
$\sqrt{\frac{2}{3}}m||1|------ ---- ---- -- 21.51| -\iota_{-}=\bullet\bullet/ffE+- --\Delta I^{I}\iota\bullet$
$J^{P} \frac{1}{2}+ \frac{1}{2}- \frac{3}{2}+ \frac{3}{2}- \frac{1}{2}+ \frac{1}{2}- \frac{3}{2}+ \frac{3}{2}-$
2: ( )[6]
$I=I=1/2,3/2$
$J$ $P$ $J^{P}$ $I^{P}= \frac{1}{2}\frac{1}{2}\frac{3}{2}\frac{3}{2}+,-,+,-$
$\vec{X}arrow-\vec{x}$
$P=$






$J^{P}= \frac{1}{2}+$ ( ) $J^{P_{=\frac{3}{2}}^{+}}$ $(\Delta)$
$J^{P_{=\frac{1}{2}}^{+}}$ $J^{P}= \frac{1}{2}-$
$J^{P_{=\frac{3}{2}}^{+}}$ $J^{P_{=\frac{3}{2}}^{-}}$
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